It is the purpose of this communication to report a histochemical property of the " oxyphil " (so designated throughout this paper) or acidophil cells in human parathyroid glands, to re-examine the widely held view that such cells are merely involution forms of the principal cell, and to review the literature concerning their significance.
Material and Methods
Parathyroid glands were removed from routine necropsy cases, being mainly elderly subjects of both sexes. Gelatine-embedded blocks of formalin-fixed and post-chromed tissue were prepared and stained by Baker's (1946) acid-haematin technique for the histochemical detection of phopholipids. Near-by sections (although not strictly serial) were stained by haematoxylin and eosin. In each case a second parathyroid gland was treated as for Baker's pyridineextraction-acid-haematin test. It would have been preferable to bisect a single gland and treat one half by the first part and the other by the second part of Baker's test, but, so far, glands of sufficient size have not been available.
No attempt was made to make a quantitative study of the number of cells rich in phospholipid granules in each parathyroid gland examined.
Brief Case Reports and Histol-ogical Observations
In elderly subjects oxyphil cells are more numerous and are often grouped together to form small nodules. This has fortunately been the case in several necropsy specimens, and it is proposed to select two of these for special study.
As full morphological descriptions of the oxyphil cells have already been given by numerous workers, in particular Welsh (1898) and Gilmour (1939) , it only remains to describe their appearances in sections stained by Baker's histochemical technique, a positive result with which has not previously been reported. Case 1.-This was a male, aged 72 years, who developed uraemia and died in 1953 two months after total cystectomy for a carcinoma of the urinary bladder.
In one parathyroid of this case there is a small, discrete nodule (Fig. 1) " The nucleus is both relatively and absolutely smaller than the nucleus of the hyaline cell (he is here referring to what is now known as the 'principal' cell). In outline it [the nucleus of the oxyphil cell] is more nearly circular. Its chromatin is more densely arranged, so that no nuclear network can be detected, and the entire nuclear mass appears uniformly darkly stained."
When sections of this nodule are only lightly stained with haematoxylin and eosin some detail is apparent even in the densest nuclei, and pyknotic nuclei are very rarely seen. It is important to emphasize this point, because I consider that I have not yet seen cytological evidence to suggest that foci of oxyphil cells such as are present in this case and in that to be described below are, in fact, zones of cells undergoing involution. There is, however, in this nodule, which appears to consist entirely of oxyphil cells, considerable variation in nuclear size and chromatin content, and although the average size is, as observed by Welsh, smaller than that of the principal cell nucleus, there are all gradations from larger vesicular nuclei to smaller ones with fairly densely aggregated chromatin, but still possessing a definite pattern with numerous fine more or less evenly knotted chromatin threads.
A prominent feature of this nodule is its degree of vascularity, equal to that seen in parts of the gland containing principal cells.
In conclusion, the general histological appearance of this nodule is that of a gland, separate from the rest of the parathyroid tissue and composed of cells of similar type but in various stages of secretory activity. The degree of vascularity is also strong histological evidence of secretory activity rather than of inactivity and involution.
Case 2. This was a female, aged 70 years, who succumbed to widespread lymphosarcoma with lymphatic leukaemia in 1953.
In one parathyroid there is a discrete oval nodule 1.0 by 0.5 mm. in size (Fig. 4) , which is composed entirely of oxyphil cells except for a very small focus of principal cells at one end, constituting less than one-fifth of the area of the nodule in the plane of the section depicted in Fig. 4 . Although the haematoxylin-and-eosin-stained preparation shows some, but by no means marked, variation in the degree of eosinophilia of the cytoplasmic contents of these relatively large polygonal cells (Fig. 5 (Fig. 6 ). The dark, heavily granulated cells, like those described in Case 1, have concave borders, whereas the pale, less heavily granulated cells have not. Occasionally, when sections are examined under the 2 mm. objective, very small intracytoplasmic bodies with a dark rim but colourless centre can be seen in some of the sparsely granulated cells: these almost certainly correspond to the minute vesicles described by Gilmour (1939) .
This nodule, composed predominantly of oxyphil cells, is very well endowed with capillaries, many of which are filled with erythrocytes ( Fig. 5) , the degree of vascularity being certainly equal to, if not actually exceeding, that of the rest of the gland. There is also no cytological evidence of cellular degeneration or involution of the nodule as a whole.
In neither of the above cases could sections treated by the pyridine-extraction-acid-haematin part of Baker's test be seen to contain cells rich in positively reacting granules, hence the oxyphil cells give a true positive reaction with this test.
Discussion
Since the oxyphil cells were first clearly described by Welsh (1898)* little attention has been paid to them, although their existence as a cell type separate from the more numerous principal cells has been generally accepted (Gilmour, 1939; Maximow and Bloom, 1948 ; Nonidez and Windle, 1953) ; nevertheless some workers (Kurokawa, 1925; Hunter and Turnbull, 1931) have maintained that they are derived from the principal cell.
Oxyphil cells have not been described in domestic animals (Trautmann and Fiebiger, 1952) other than the ox (Levine, 1928 There is also evidence to suggest that oxyphil cells are more numerous in women than in men.
Gilmour (1939) It is interesting to note that, of the six cases of true oxyphil cell adenomata which the author has been able to collect from the literature, five have been in females. Anderson (1953) also observed that these cells increase with age. As to the age at which they first appear there is some doubt: Erdheim (1901) considered about the tenth year, but Fischer (1911) saw them in a child aged 2 years, and Gilmour (1939) reported their presence in all subjects aged 3 years and over whom he examined.
Extensive histochemical studies of the parathyroid glands do not appear to have been undertaken. However, it is widely known that the principal cells are rich in glycogen, an observation first attributed to Petersen (1903) . On the other hand, oxyphil cells are said to contain little or no glycogen (Gilmour, 1939; Stephenson and McNamara, 1948) .
In 1946 Baker introduced a carefully standardized technique developed from the Smith-Dietrich test for the histochemical detection of lipins. In a later communication (1947) he claimed that this modification (the acid-haematin test), controlled by his pyridine-extraction test, allows histochemical recognition of phospholipids. This was confirmed by Cain (1947) while working in Baker's laboratory. Casselman (1952) applied this technique in vitro to certain synthetic enantiomeric a-phosphatidic acids, phospholipids, and related compounds, and to highly purified, natural lipin fractions, as well as to an additional 123 other substances: only phospholipids and certain phosphatidic acids give positive results.
Baker's histochemical test gives a positive reaction for phospholipids in the case of the pituitary acidophil cells in rats (Rennels, 1953) , and also in the guinea-pig and man (unpublished work).
The resemblance between the pituitary acidophil cells and the parathyroid oxyphil cells was first emphasized as far back as 1898 by Welsh, who referred to it as " striking," and more recently by Maximow and Bloom (1948) (Christie, 1954) .
As regards the function of the oxyphil cells nothing is known. Castleman and Mallory (1935) contended that ". . . it can fairly be said that histological evidence fails to support the concept of the elaboration of the parathyroid hormone by the oxyphil cells." Black and Ackerman (1950) and Nonidez and Windle (1953) also contended that the principal cells appear to be responsible for secreting the parathyroid hormone.
Some workers have considered that the oxyphil cells are likely to be involution forms-for example, Castleman and Mallory (1935) stated that "the frequency of these cells in tumours, even in young people, their absence in hyperplasias, their increase under normal conditions in old age, all point towards an involution phenomenon." All the same, they did admit that the possibility of another function, unconnected with calcium metabolism, could not be ruled out, although they found no evidence for it.
A detailed histological study of the parathyroid glands in both the cases reported above as well as in many other glands has failed to convince the writer that there is any evidence of a cytological nature to suggest that oxyphil cell collections (large or small) are foci of cell degeneration or involution; in particular, the marked degree of vascularity throughout such zones, with numerous open capillaries, is evidence to the contrary. Such vascularity has been observed in the case of other actively secreting endocrine organs as, for example, the islets of Langerhans and the pituitary gland.
Furthermore, Baker's histochemical technique provides yet additional evidence of similarity with the pituitary acidophil cells whose histological significance as an endocrine unit is beyond doubt.
Excluding neoplasms, there are four well recognized conditions in which hyperplastic parathyroid glands are encountered, namely, rickets (or osteomalacia), pregnancy, renal insufficiency of the typo associated with phosphate retention, and calcium deprivation (Albright and Reifenstein, 1948) . Parathyroid hyperplasia has also been found in association with extensive skeletal tumours such as multiple myeloma and metastatic carcinoma (Ben-Asher, 1939 Ackerman (1950) considered that oxyphil cell adenomata may appear in patients with longstanding renal disease, and reported two such cases. One of these was a female, aged 59 years, suffering from osteoporosis of the vertebrae, rheumatoid arthritis, hypertensive heart disease, and nephritis, who was submitted to operation for exploration of the parathyroids, all of which were enlarged to about twice their normal size with the exception of the left, which was considerably larger (3 by 3 by 1.3 cm.) and composed entirely of oxyphil cells. Following removal of this oxyphil cell adenoma there were no significant changes in the serum calcium, phosphorus, or alkaline phosphatase values -observations which they considered strong evidence that the oxyphil cell adenoma was not secreting parathormone.
The second relevant case described by Black and Ackerman (their Case 13) was a female aged 66 years, who gave a somewhat similar history and comparable biochemical findings as well as showing evidence of renal calculi and osteoporosis. At necropsy severe renal damage was found and death was attributed to this cause, but in addition a parathyroid oxyphil cell adenoma, measuring 4.3 by 2.2 by 1.9 cm., was found.
It now remains to discuss the rarely occurring tumours composed either entirely of, or with a predominance of, oxyphil cells. Norris (1947) collected 322 cases of parathyroid adenoma from the literature over 43 years (1903-45 inclusive) : of these, only four were classified as oxyphil-cell adenomata (Hunter and Turnbull, 1931; Cope, 1944; McQuillan, 1938; Norris, 1946) . Of these, only the latter two workers' case reports show convincing photomicrographic evidence of typical oxyphil cells, and neither case showed evidence of osteitis fibrosa or the other stigmata associated with principal cell tumours.
McQuillan's case-a solitary tumour measuring 9 by 6 cm. in a female aged 46 years-is particularly interesting in that the tumour appears to have arisen following childbirth and has since regularly become enlarged during the menses. Norris's case was a female, aged 23 years, who had a solitary oxyphil adenoma measuring 3.5 cm. in diameter. Keynes (1936) and Hadfield and Rogers (1932) have each reported typical oxyphil cell tumours, the former worker's case being a female aged 50 years, in which the tumour weighed 18 g.; and the latter's case, a female aged 58 years, in which the tumour weighed 52 g. Once again skeletal and other evidence of hyperparathyroidism was absent in each case.
There have been several reports of cases with pluriglandular adenomatosis involving the pituitary and parathyroid glands, and sometimes the pancreas and adrenals as well. The pituitary tumour has consisted of either chromophobe cells (Lloyd, 1929; Kalbfleisch, 1937; Underdahl, Woolner, and Black, 1953, Case 6; Marshall and Sloper, 1954) or acidophil cells (Cushing and Davidoff, 1927, Case 3) . Of Cushing and Davidoff's (1927) four cases of acromegaly of differing clinical types, only Case 3, a male aged 34 years, described as " typical acromegaly of circa 15 years' duration," showed parathyroid hyperplasia, and then of slight degree-only two glands were identified, the larger being 9 mm. in diameter. Each gland contained small adenomata consisting predominantly of principal cells, although the larger did contain a small peripheral zone of oxyphil cells.
Likewise in Lloyd's (1929) case-a 22-year-old female showing, at necropsy, a large pituitary chromophobe adenoma, adenoma-like enlargements of the islands of Langerhans, parathyroid glands and adrenals-the principal cell predominated in two enlarged parathyroid glands (the third gland located was of normal size).
Of three cases of pluriglandular adenomatosis described by Kalbfleisch (1937) , in the third, a male aged 23 years, there was, in addition to a malignant tumour of the anterior lobe of the pituitary gland and an adenoma of the pancreas, slight hyperplasia of the parathyroid glands, particularly the left lower one (found embedded in the thymus). The principal cell predominated in the hyperplastic glands, but a few oxyphil cells were also present in all four glands. (There was A. C. CHRISTIE clinical evidence of calcium deficiency in the skeleton.) Also in Shelburne and McLaughlin's (1945) case -a seaman aged 26 years, with radiological and clinical evidence of a pituitary tumour and surgically removed solitary adenomata of both the pancreatic islets of Langerhans and parathyroid glands respectively-the predominant cell type in the latter, although not stated, was presumably the principal cell, as there was clinical evidence of hyperparathyroidism with a high serum calcium level and recurrent renal calculi. Willis (1948) reported an interesting finding in an obese woman of 55 years who died the day after operation for multiple large uterine myomas. Necropsy disclosed a yellowish ovoid tumour measuring 2.5 by 1.5 cm. in the position of one of the inferior parathyroids. Microscopically it was a parathyroid adenoma, composed mainly of large, solid, liver-like oxyphil cells, but also with areas of small cuboidal cells in acinus-like clusters and of vacuolated clear cells. In addition, there was a meningioma, 4 cm. in diameter, in the cerebello-pontine angle and multiple cortical adenomata of both adrenal glands. (Willis remarked that the multiplicity of tumours in this case was noteworthy.) Underdahl et al. (1953) Of the six cases of predominantly, or completely, oxyphil-cell adenomata unassociated with renal disease referred to above, five occurred in females, and one, that of Underdahl et al. (1953) , in a male. The latter's oxyphil-cell tumour was, as mentioned above, only small (0.5 cm. in diameter) and associated with larger adenomata of other endocrine glands; consequently solitary tumours of moderate or large size involving these cells have all been in females.
As there is such a close histological similarity between the pituitary acidophil cells and the parathyroid oxyphil cells the possibility exists that they may have a similar function, and that adenomata of the latter might be responsible for a clinical syndrome resembling acromegaly either in its classical or " fugitive " form (Bailey and Cushing, 1928) . However, there is no evidence from the above-mentioned case reports that such is the case: in fact the few case reports of solitary oxyphil cell tumours referred to earlier have been unassociated with any clinical syndrome. If such tumours are secreting an excess of a hormone, different from parathormone, which has definite clinical effects both when deficient and in excess, then it appears that such an increase has no adverse clinical effect. (Such is the case with an interstitial cell tumour of the testis in an adult male.)
The histochemical stain described above is considered a valuable aid in histological technique to distinguish more clearly between principal cells of various types on the one hand and true oxyphil cells on the other. It may help in the further study of tumours composed of Castleman and Mallory's (1935) 
